These compounds also act in intraspecies or interspecies communication, attracting members of the same species and deterring predators. [9] [10] [11] In addition, many flavour and fragrance compounds serve as pheromones, natural insecticides and precursor molecules for the synthesis of a variety of natural products. [12] [13] [14] [15] [16] At present, flavour and fragrance compounds are produced either by chemical synthesis or extraction from plant sources. The extraction and isolation of these compounds from plants is expensive due to the methods of isolation. Chemical syntheses serve as a good alternative for their production, but these are not preferred due to the consumer's preference for natural products. This has directed attention to the development of new environmentally friendly processes. In recent decades, biotechnological production processes have been accepted as a natural method. Microbiological transformations have gained importance for the production of flavour and fragrances.
α-Ionol is a megastigmane derivative belonging to the most important odoriferous degradation products of β-carotene in plants and it contributes to the characteristic fragrances of many flowers. 10 Therefore α-ionol and its derivatives are known to have value in the perfumery industry. 17, 18 In this study, the microbial biotransformations of α-ionol by fungi were examined with the aim of producing new derivatives that could be used as potential flavour and fragrance ingredients.
A literature study revealed that the only biotransformation reaction with α-ionol has been carried out by Itokawa and his co-workers using suspension cultures of Cannabis callus cultured on Murashige and Skoog agar medium for about one month, but no metabolite was identified. 19 Therefore, to the best of our knowledge, this study is the first report on the biotransformation of α-ionol by fungi producing a metabolite.
Preliminary biotransformation screening experiments with α-ionol were carried out using 19 different microbial strains and A. niger and F. culmorum formed interesting fragrant compounds. These biotransformation reactions were then repeated on a semi-preparative scale to elucidate the structures of the metabolites that were formed.
The microbial transformation of α-ionol by A. niger NRRL 326 for 7 d resulted in the production of a complex mixture of products as observed by TLC. Column chromatography of the crude material afforded the major metabolite ( H NMR spectrum showed a new proton signal at 5.96 ppm as a singlet, whereas hydroxylbearing proton and methylene proton signals, which appeared as a multiplet in α-ionol, had disappeared. These findings indicated that the metabolite was 3-oxo-α-ionone.
Biotransformation of α-ionol by F. culmorum for 7 days afforded a complex mixture of polar metabolites from which one compound (Fig. 1 ) was separated and purified by column chromatography on elution with 40% (v/v) ethyl acetate in petroleum ether (60-80 °C). It was named as 3-oxo-α-ionone, as its spectroscopic data including IR, melting point, 1 H NMR, 13 C NMR and 13 C DEPT were identical to the sample obtained from A. niger.
The metabolite 3-oxo-α-ionone has previously been reported as a biotransformation product of α-ionone by A. niger, Ionols are important flavour and fragrance compounds both in natural and synthetic aroma blends that are used in many daily products. α-Ionol has been converted for the first time to 3-oxo-α-ionone by microbial biotransformation using the plant pathogenic fungi Aspergillus niger NRRL 326 and Fusarium culmorum (freshly isolated) over 7 d at 25 °C at 6.6 and 15.3% yield, respectively. The structure of the metabolite, which was purified by column chromatography, was elucidated by FTIR, GC-MS and NMR studies. 20 and Caragana chamlagu as an oil. 21 The IR, 1 H and 13 C spectra of the metabolite were in agreement with literature values; however, the optical rotation was different. The metabolite optical rotation was measured as −153.8° (c = 3.9, acetone), whereas the literature value was reported as −4° (c = 0.45, CHCl 3 ). 20 The literature studies did not identify the chiral centre at C6. D : −31.1° (c = 9, acetone)) was obtained from IFF Co., USA and used as the initial substrate in the biotransformation studies. All chemicals and solvents were used in high purity and obtained from commercial sources (Sigma-Aldrich, Fluka, Merck) if not otherwise stated. IR spectra were recorded using KBr pellets and the GC-FID analyses were carried out using Agilent 6890N and Shimadzu 2010 GC systems. The GC-MS analysis was carried out with a Shimadzu QC 2010 system using CPSil-5CB (25 m × 0.25 mm, 0.25 µm film thickness). HRMS spectra were obtained with a Waters SYNAPT G1-MS system. All microorganisms were stored at −85 °C (Ultrafreezer, New Brunswick) in 15% glycerol and maintained on nutrient agar (Merck, 1.05450) slants at 4 °C, respectively. They were subcultured in Petri dishes before use to check their purity.
Microbial biotransformation of α-ionol

Cunningbamella blakesleeana
Microbial cultivation conditions
All cultures were maintained at 5 °C and precultured at 25 °C on potato dextrose agar (PDA) slants. 22 A medium for growing fungi used in biotransformation experiments was prepared by mixing glucose (20 g), yeast extract (5 g), polypeptone (5 g), NaCl (5 g) and Na 2 HPO 4 (5 g) in distilled water (1 L). The substrate (α-ionol) (500 mg) was added to 20 Erlenmeyer flasks (250 mL) containing 100 mL of freshly prepared and autoclaved medium after 2 days growth and the fermentations were continued for a further 7 days. The mycelium was filtered off and the broth was extracted with ethyl acetate. The extract was dried over Na 2 SO 4 and the solvent evaporated to give a residue, which was purified by column chromatography (3 cm wide, 60 cm long) on silica eluting with increasing concentrations of ethyl acetate in light petroleum. 88 (3H, s, 13CH 3 ), 2.14 (3H, s, 10CH 3 ), 2.71 (1H, d, J = 9.6 Hz, 6CH), 5.96 (1H, s, 4CH), 6.19 (1H, d , J = 2.5 Hz, 8CH), 6.69 (1H, dd, J = 2.5, 9.6 Hz, 7CHOH); 13 
Biotransformation of α-ionol by
Biotransformation of α-ionol by F. culmorum (freshly isolated)
After 7 days of incubation, the metabolite 3-oxo-α-ionone (yield 15.3%) was eluted with 40% (v/v) ethyl acetate in petroleum ether (60-80 °C) as an oily compound. The spectroscopic data were in good agreement with the metabolite described above.
